The process of baryon charge transfer due to string junction diffusion in the rapidity space is considered. It has a significant effect in baryon/antibaryon production in pp collisions at mid-rapidities and an even larger effect in the forward hemisphere in the cases of πp and γp interactions. The results of numerical calculations are in reasonable agreement with the data.
INTRODUCTION
The Quark-Gluon String Model (QGSM) and the Dual Parton Model (DPM) are based on the Dual Topological Unitarization (DTU) and describe quite reasonably many features of high energy production processes, including the inclusive spectra of different secondary hadrons, their multiplicities, KNO-distributions, etc., both in hadron-nucleon and hadron-nucleus collisions [1, 2, 3, 4] . High energy interactions are considered as proceeding via the exchange of one or several pomerons and all elastic and inelastic processes result from cutting pomerons or between pomerons [5] . The possibility of exchanging a different number of pomerons introduces absorptive corrections to the cross sections which are in agreement with the experimental data on production of hadrons consisting in light quarks. Inclusive spectra of hadrons are related to the corresponding fragmentation functions of quarks and diquarks, which are constructed using the reggeon counting rules [6] .
In the present paper we discuss the processes connected with the transfer of baryon charge over long rapidity distances. In the string models baryons are considered as configurations consisting of three strings (related to three valence quarks) connected at the point called "string junction" [7, 8] . Such a configuration corresponds in QCD to the following gauge-invariant operator
where
It is very important to understand the role of the string-junction in the dynamics of high-energy hadronic interactions. Now we have several different experimental results concerning such processes. First of all the data [9] clearly show that in the forward hemisphere the number of secondary protons produced in π + p interactions is significantly larger than the number ofp produced in π − p collisions. This difference can not be described [4] without the assumption that the baryon charge is transferred from the target proton to the pion hemisphere.
Similar data on the differences of p −p yields in 1 2 (π + p + π − p) collisions at 158 GeV/c were presented by the NA49 Coll. [10] .
A second group of data concerns the energy dependence of the differences in yields of the protons and antiprotons at 90 o (i.e. at x F = 0) at ISR energies [11] . Another sample of data includes the measurements of hyperon production asymmetries in 500 GeV/c π − -nucleus interactions [12] . Finally, the proton-antiproton asymmetry in photoproduction was recently measured at HERA [13] .
INCLUSIVE SPECTRA OF SECONDARY HADRONS IN QGSM
As mentioned above high energy hadron-nucleon and hadron-nucleus interactions are considered in the QGSM and in DPM as proceeding via the exchange of one or several pomerons. Each pomeron corresponds to a cylindrical diagram, see Fig. 1 , and thus, when cutting a pomeron two showers of secondaries are produced. The inclusive spectrum of secondaries is determined by the convolution of diquark, valence and sea quark distributions u(x, n) in the incident particles and the fragmentation functions G(z) of quarks and diquarks into secondary hadrons. The diquark and quark distribution functions depend on the number n of cut pomerons in the considered diagram. In the following we use the formalism of QGSM. In the case of a nucleon target the inclusive spectrum of a secondary hadron h has the form [1] :
where the functions φ h n (x) determine the contribution of diagrams with n cut pomerons and w n is the probability of this process. Here we neglect the contributions of diffraction dissociation processes which are comparatively small in most of the processes considered below. It can be accounted for separately [1, 2, 4] .
For pp collisions
where f, f q and f s correspond to the contributions of diquarks, valence and sea quarks respectively. They are determined by the convolution of the diquark and quark distributions with the fragmentation functions, e.g.,
In the case of a meson beam the diquark contributions in Eq. (4) should be changed by the contribution of valence antiquarks:
The diquark and quark distributions as well as the fragmentation functions are determined from Regge intercepts. Their expressions are given in Appendix 1.
The net baryon charge can be obtained from the fragmentation of the diquark giving rise to a leading baryon (Fig. 2a) . A second possibility is to produce a (leading) meson in the first break-up of the string and the baryon in a subsequent break-up (Fig. 2b) .
As discussed above, in the approach [7, 8] the baryon consists in three valence quarks together with string junction (SJ), which is conserved during the interaction † . This gives a third possibility for secondary baryon production in non-diffractive hadronnucleon interactions (Fig. 2c) .
In Fig. 2a the secondary baryon consists of the SJ together with two valence and one sea quarks, in Fig. 2b of one valence and two sea quarks and in Fig. 3c of three sea quarks. The fraction of the incident baryon energy carried by the secondary baryon increases from a) to c), whereas the mean rapidity gap between the incident and secondary baryon increases.
The probability to find a comparatively slow SJ in the case of Fig. 2c can be estimated from the data onpp annihilation into mesons, see Fig. 1c . This probability is known experimentally only at comparatively small energies where it is proportional to α SJ − 1 with α SJ ∼ 0.5.
However, it has been argued [14] that the annihilation cross section contains a small piece which is independent of s and thus α SJ ∼ 1. Irrespectively of the value of α SJ , the contribution of the graph in Fig. 2c corresponds to annihilation and, thus, has a small coefficient which will be denoted by ε. In our calculation we shall use
and will treat ε as a face parameter. A contribution with α SJ ∼ 1, if present at all, is expected to be important only at high energy (see a discussion of this point in section 4). The values of α SJ and ε can only be determined with accurate data.
COMPARISON WITH THE DATA
The processes of the baryon charge transfer (Fig. 2c) were not accounted for in previous papers [1, 2, 3, 4] . So first of all we present the description of data which were described earlier in these papers, when this contribution is included.
The data at comparatively low energies ( √ s ∼ 15 ÷ 40 GeV) can be described with α SJ = 0.5. Unfortunately, the value of ε cannot be determined in a unique way. Many sets of data can be described with ε = 0.05. However, some other data favor a value four times larger, ε = 0.2. Because of that, we will present our results for these two values of ε, leaving all other parameters in the model unchanged. Thus, the results for meson and antibaryon production are the same in the two cases.
The inclusive spectra of secondary protons and antiprotons produced in pp collisions at lab. energies 100 and 175 GeV [9] are shown in Figs. 3a and 3b together with the curves calculated in the QGSM. The agreement of our results with ε = 0.05 with the data is quite reasonable, on the same level (or even better) as in the previous papers. † At very high energies one or even several SJ pairs can be produced.
The variant with ε = 0.2 gives too large multiplicity of secondary protons at small x F . The description of the antiproton yields is reasonable.
The data of [15] are in some regions of x F in disagreement with the data of [9] as well as with our calculations. However, one can see from Figs. 3c and 3d that the experimental points can not be described by any smooth curve. Probably this is connected with the use of different detectors for different x F regions and to the influence of the trigger in [15] . Again, the value ε = 0.05 is preferable.
The data on secondary proton and antiproton production in pp collisions at ISR energies [11] at 90 o in c.m.s. are presented in Figs. 3e and 3f. Their differences, which are more sensitive to the baryon charge transfer, are presented in Fig. 3g . One can see that the last data as well as the yields of protons and antiprotons separately are described quite reasonably by QGSM with ε = 0.2. However, it is necessary to note, that the systematical errors in [11] are of the order of 30 %, so the value ε = 0.05 can not be excluded.
The data of baryon production in the pion fragmentation region [9] are presented in Fig. 4 . The spectra of antiprotons produced in π − p collisions, shown in Fig. 4a , allow one to fix the fragmentation function of quark into baryon/antibaryon. If the contribution of the baryon charge transfer were negligibly small, the inclusive spectra of reactions π − p →pX and π + p → pX in the pion fragmentation region would be practically the same [4] . Actually, the data for the second reaction are significantly higher than for the first one providing evidence for the baryon charge transfer due to the SJ diffusion. The difference of the inclusive spectra in the two considered processes allows one to estimate quantitatively the contribution of the baryon charge transfer, and the parametrization of these processes given in Appendix leads to a reasonable description of proton yields in π + p collisions with ε = 0.2. The value ε = 0.05 seems to be too small here. Note, however, that our factorized formulae, Eqs. 4 and 7, imply that the slowed down proton is made out of SJ and three sea quarks (see Fig. 2c ). Thus, they should be modified for the reaction π + p → pX in the pion fragmentation region due to the possibility of SJ recombination with a pion valence quark -which would change the ratio of protons and neutrons. This problem disappears if we consider the sum of π + p and π − p. Preliminary data on
X were obtained by the NA49 Coll. [10] . One can see from Fig. 4c , that they are in reasonable agreement with our calculations with ε = 0.05 and in total disagreement with ε = 0.2.
The data on Λ andΛ production in pp collisions [16, 17, 18, 19] , presented in Fig. 5 , are also in agreement with QGSM and the value ε = 0.05 is again favored. There exist also data on Λ andΛ production in πp collisions, which are also are in agreement with QGSM predictions. However, the error bars are too large to allow a determination of the model parameters.
In Fig. 6 we show the data [12] on the asymmetry of strange baryons produced in π − interactions ‡ at 500 GeV/c. The asymmetry is determined as
for each x F bin. The theoretical curves for the data on all asymmetries calculated with ε = 0.05 are in reasonable agreement with the data with the exception of Ξ − /Ξ + at positive x F . In the case of Ω/Ω production we predict a non-zero asymmetry in agreement with experimental data. Let us note that the last asymmetry is absent, say, in the naive quark model because Ω andΩ have no common valence quarks with the incident particles. The value ε = 0.2 seems to be excluded. Our predictions for baryon/antibaryon asymmetry in π − p interactions are in qualitative agreement with the data [20] , where a positive asymmetry for Λ + c and Λ − c production in π − N was obtained. Preliminary data on p/p asymmetry in ep collisions at HERA were presented by the H1 Collaboration [13] . Here the asymmetry is defined as
i.e. with an additional factor 2 in comparison with Eq. (9). The experimental value of A B is equal to 8.0 ± 1.0 ± 2.5 % [13] for secondary baryons produced at x F ∼ 0.04 in the γp c.m. frame. QGSM with ε = 0.05 predicts here 2.9 %, i.e. a value which is significantly smaller, whereas the calculation with ε = 0.2 gives the value 7.7 %, in good agreement with the data.
CONCLUSIONS
We have seen that many data support the possibility of baryon charge transfer over at large rapidity distances. Probably, the most important are the baryon-antibaryon asymmetry in Ω andΩ [12] in π − p collisions, where both secondary particles have no common valence quarks with the incident particles. This asymmetry is provided by baryon charge transfer due to string junction diffusion.
Also the production of net baryons in πp and γp interactions in the projectile hemisphere provide good evidence for such a mechanism.
As for the values of the parameters α SJ and ε which govern the baryon charge transfer we have seen that the data, at comparative low energies ( √ s ∼ 15 ÷ 40 GeV), without providing a clear cut answer, strongly favor the values α SJ = 0.5 and ε = 0.05. Indeed, as discussed above, the data which favor ε = 0.2 have either a large systematic error [11] ‡ These data were obtained from pion interactions on a nuclear target where different materials were used in a very complicated geometry. We assume that the nuclear effects are small in the asymmetry ratio (9) , and compare the pion-nucleus data with calculations for π − p collisions.
or correspond to situations where effects, not incorporated in the present version of the model, are expected to be important (as in π + p → pX ; see the discussion in Section 3). The situation is drastically different at HERA energies. Here the observed asymmetry can only be described with ε = 0.2 -which is in contradiction with most lower energy data. Note, however, that the HERA data are preliminary and have not been published so far. Assuming that they are correct, is it possible to solve this contradiction ? The data at √ s < ∼ 40 GeV that we have examined provide information for the transfer of baryon charge over about five rapidity units. In contrast, the HERA data provide information for the corresponding transfer over more than seven units. Thus, a possibility to solve the above contradiction would be to assume that there is a component with α SJ ∼ 1 and a very small strength (ε ≪ 0.05) such that its effects become important only for ∆y > 5. This type of description of the HERA data was proposed in [21] . Another possibility would be to keep α SJ ≃ 0.5 and to assume, following Ref. [22] (see also [23] for a related approach in pA and AB collisions), that the SJ transfer contribution is proportional to the number of inelastic collisions. In this way the asymmetry would increase with energy since the average number of inelastic collisions, determined from Eqs. (42) and (43), increases with s. (This mechanism also allows to explain the increase of stopping in heavy ion collisions with increasing centrality). However, its effect would be numerically too small to explain the observed H1 asymmetry.
In conclusion, the study of the transfer of baryon charge over large rapidity distances is very important. Good experimental data in pp, pA and AB collisions for different centralities are needed in order to understand the dynamics of this mechanism. This paper was supported by grant NATO OUTR. LG 971390 and NATO PSTCLG 977275.
APPENDIX. QUARK AND DIQUARK DISTRIBUTIONS AND THEIR FRAGMENTATION FUNCTIONS
In the present calculations we use quark and diquark distributions in the proton of the form [1] :
In the case of a pion beam we use
for valence quarks, and
for sea quarks, where δ = 0.2 is the relative probability to find a strange quark in the sea. The values of α R and α B are given in Table 1 . The factors C i are determined from the normalization condition
The fragmentation functions of quarks and diquarks were changed a little in comparison with Refs. [1, 4] to obtain a better agreement with the existing experimental data. We use the quark fragmentation functions in the form
Diquark fragmentation functions have more complicate forms. They contain two contributions. The first one corresponds to the central production of a BB pair and can be described by the previous formulas. They have the form:
with the same ∆α (24) . The second contribution is connected with the direct fragmentation of the initial baryon into the secondary one with conservation of the string junction. As discussed above, there exists three different types of such contributions (Figs. 2a-2c) . Obviously, in the case of Ξ production only two possibilities exist with string junction plus either one valence quark and two sea quarks or three sea quarks. In the case of production of a secondary baryon having no common quarks with the incident nucleons only the bare string junction without valence quarks can contribute (Fig. 2c) .
All these contributions are determined by Eqs. similar to Eq. (6) with the corresponding fragmentation functions given by
The factor √ z is really z 1−α SJ with α SJ = 1/2 (8) . As for the factor √ zz 3/2 of the second term it is just 2(α R − α B ) [1] . For the third term we have just added an extra factor z 1/2 . The probabilities of transition into the secondary baryon of SJ without valence quarks, I 3 , SJ plus one valence quark, I 2 , and SJ plus a valence diquark, I 1 , were taken from the simplest quark combinatorics [23] . Assuming that the strange quark suppression is the same in all these cases we obtain for the relative yields of different baryons from SJ fragmentation without valence quarks :
for secondary p, n, Λ + Σ, Ξ 0 , Ξ − and Ω, respectively. For I 2 we obtain
and
for secondary p, n, Λ + Σ, Ξ 0 and Ξ − . For I 1 we have I 1uu = 2L : 0 : S
for secondary p, n and Λ + Σ. The ratio S/L determines the strange suppression factor and 2L + S = 1. In the numerical calculations we used S/L = 0.2.
In agreement with experimental data we assume that Σ + +Σ − = 0.6Λ [23] 
for incident ud diquark and secondary proton :
for incident uu diquark and secondary Λ :
for incident ud diquark and secondary Λ :
for incident u quark and secondary Ξ − :
for incident d quark and secondary Ξ − :
and incident SJ and secondary Ω − :
The probability for a process to have n cutted pomerons was calculated using the quasi-eikonal approximation [1, 25] :
with parameters § These probabilities are in disagreement with simplest quark statistic rules [24] .
The model parameters for quark and diquark distributions and their fragmentation are presented in Table 1 . They were mainly taken from the description of the data in Refs. [1, 4] . Table 1 The values of the parameters used for the calculations in QGSM. 
